ABSTRACT. The mandarin fish (Siniperca chuatsi) is a traditionally cultured freshwater fish with high commercial value in China. To facilitate markerassisted selection in genetic improvement of this species, 120 microsatellite markers from the literature were characterized in the 25 largest and 25 smallest individuals. Eighteen polymorphic loci were then used to genotype 200 individuals, and the associations between their genotypes and growth traits were examined. We found that eight genotypes of six loci were positively correlated with growth traits (body weight, length, and height) in the mandarin fish population. The average observed and expected heterozygosities were 0.68 and 0.59, respectively, and the average PIC value was 0.50, indicating a population with high genetic diversity. Therefore, these markers could be useful for assisted selection in genetic breeding of this species and its related species.
INTRODUCTION
The mandarin fish, Siniperca chuatsi (Basilewsky), mainly distributed in the Yangtze and Pearl Rivers, is an economically important species in China and has a relatively high market value, and it is widely cultured throughout the country (Liang, 1996; Liu et al., 1998) . It has a fast growth rate but is susceptible to diseases and viral infections (Sun and Nie, 2004) . Artificial reproduction and selective breeding programs have been undertaken to meet market demand for S. chuatsi (Yang et al., 2007; Mi et al., 2010 ). An assessment of the population genetics of this species is urgently needed to reveal its available germplasm resources as a basis for breeding programs and to determine the potential genetic risk of translocation.
Microsatellites, also known as simple sequence repeats (SSRs), are rapidly developing molecular markers in recent years. Microsatellites are characterized as being highly polymorphic, plenty and well-distributed in the genome (Gpta and Rustgi, 2004) . Therefore, they have become a useful tool in population genetics analysis, genetic mapping and marker-assisted selection (MAS) to assess genetic diversity and develop molecular-breeding techniques in fish (Walter and Epperson, 2001; Saha et al., 2004) .
The aim of this study was to identify and confirm molecular markers that are associated with growth traits in the mandarin fish. They could provide a valuable theoretical basis for MAS to breed a disease-resistant and faster growing strain and to preserve the fish germplasm.
MATERIAL AND METHODS

Fish and DNA samples
A hatchery population was produced by mass spawning of S. chuatsi from Qingyuan Yushun Farming & Fishery Science and Technology Service Co. Ltd. (Qingyuan, Guangdong Province, China) and 200 individuals were randomly sampled half a year post-fertilization. Genomic DNA of these 200 individuals was extracted from the caudal fin using the TIANamp Genomic DNA kit (Tiangen Biotechnology (Beijing) Co. Ltd., China) following the manufacturer directions.
Polymorphic analysis and genotyping
Library preparation for transcriptome analysis and sequence assembly was as previously described (Wang et al., 2010) . This unigene set was used for mining EST-SSR markers using the default parameters of BatchPrimer3 v1.0 software (You et al., 2008) . In this study, a subset of 120 SSR markers were collected from the literature (Cnaani et al., 2003) and initially screened in the 25 largest and 25 smallest individuals from 200 samples according to total weight and length for marker association analysis in an isolated population. Subsequently, the initially selected microsatellites were further screened in another 200 individuals for marker association analysis in a randomly selected population (Cnaani et al., 2003) . Polymerase chain reaction (PCR) conditions were optimized for each of the primers (Table 1) . PCR was performed in 25-µL reaction volumes containing 2.5 µL 10X PCR buffer, 1.0-3.0 mM MgCl 2 , 50 µM dNTPs, 0.4 µM each primer, 1 U Taq polymerase (Takara Biotechnology (Dalian) Co. Ltd., China) and 50 ng genomic DNA. PCR conditions were as follows: initial denaturation at 94°C for 3 min followed by 35 cycles at 94°C for 30 s, the optimized annealing temperature for 30 s, 72°C for 30 s, and then a final extension step at 72°C for 10 min. PCR products were separated by 8% non-denaturing polyacrylamide gel electrophoresis and visualized by silver staining. A denatured pBR322 DNA/MspI molecular weight marker (Tiangen Biotechnology (Beijing) Co. Ltd., China) was used as a size standard to identify alleles.
Statistical analysis
Allelic frequencies, genotype frequencies, Hardy-Weinberg equilibrium, and observed (H O ) and expected (H E ) heterozygosities were statistically analyzed using the POPGENE software (Version 1.31; University of Alberta, Alberta, Canada). Polymorphism information content (PIC) was determined according to the formula:
where q i and q j are the frequencies of the ith and jth alleles at one locus; n is the number of alleles at one locus. Associations between genotypes and growth traits were evaluated using the chisquare test. Results were considered to be statistically significant if two-way P values were less than 0.05. Statistical analyses were carried out using the SPSS software (Version 19.0; SPSS Inc., Chicago, IL, USA).
RESULTS
A total of 120 SSR markers were initially screened in the 25 largest and 25 smallest individuals from 200 samples based on total weight and length for marker association analysis in an isolated population. Eighteen of these loci were polymorphic in S. chuatsi and were selected for further random population tests (Table 1) .
A random population was amplified by using these 18 microsatellite loci (Table 2) , and 70 alleles were detected in S. chuatsi. The number of alleles per locus (N A ) ranged from 2 to 6, with an average of 3.61 alleles per locus. The effective number of alleles per locus (N E ) ranged from 1.74 to 4.83, with an average of 2.87 alleles per locus. H O and H E ranged from 0.44 to 1.00 (average of 0.68) and from 0.35 to 0.78 (average of 0.59), respectively. PIC ranged from 0.31 to 0.72 (average of 0.50).
In examining the associations between microsatellite loci and growth traits (body weight, body length, body height) (Table 3) , microsatellite loci of AP 37-16 were significantly associated with weight, length, and height (P < 0.01), while AP were significantly associated with length and height (P < 0.05 or P < 0.01) and AP 39-05 significantly associated with weight and body (P < 0.05). AP 37-40 was only significantly associated with length (P < 0.05), and AP 38-28 only significantly associated weight (P < 0.05).
The eight microsatellites that showed significant differences (P < 0.05) were used to analyze the associations between their genotypes and growth traits (Table 4 ). The results showed that five genotypes were discovered at AP 37-16, and growth traits of genotype AB were significantly greater than those of other genotypes (P < 0.01). For AP 37-06, length and height of genotype AB were significantly greater compared to genotypes BB and AC (P < 0.05). For AP 37-11, length and height of genotype AA were significantly greater compared to AC and BB (P < 0.01). For AP 37-40, length of AB was significantly greater than that of AC and AB (P < 0.05). For AP 37-48, length Genetics and Molecular Research 14 (4): 19128-19135 (2015) Table 3 . Associations between 18 microsatellite loci and body weight, body length, and body height of Siniperca chuatsi.
Data labeled with different superscript letters in the same column by individual locus mean significant difference. Different lowercase letters indicate significant differences (P < 0.05); different uppercase letters indicate significant differences (P < 0.01). Each genotype was considered when individual numbers were more than 4. of BB and AC was significantly greater compared to CC (P < 0.05), height of BB was significantly greater than that of CC (P < 0.01). For AP 38-28, weight of genotypes AA and CC was significantly greater than that of AC (P < 0.05). For AP 38-32, length and height of AA were significantly greater compared to BC (P < 0.01). Therefore, BC showed a negative correlation with length and height.
For AP 39-05, weight of AC was significantly greater compared to BC (P < 0.05), while length of AA and AB was significantly greater compared to BC (P < 0.05).
DISSCUSSION
For aquatic animals, molecular markers are not only used for genetic monitoring in selective breeding lines (Hao et al., 2010; Yu et al., 2011) but also association analysis of target traits (Kang et al., 2002) . Currently, there are two methods for using molecular markers: one is marker association analysis in a randomly selected population (Cnaani et al., 2003) , and the other is marker association analysis in an isolated population (Gross and Nilsson, 1999) . In this study, these two methods were used together. First, polymorphic analyses of these microsatellite loci were analyzed between the maximal weight group and minimal weight group. Second, these polymorphic markers were used for genotyping and association analysis in a random group. As a result, 18 microsatellite loci were screened between the maximal weight group and minimal weight group, and 8 loci showed significant differences in subsequent association analysis with random population testing and growth traits. The results indicated that screening markers in extreme groups could improve the efficiency of screening.
Many authors have reported that the different genotypes of microsatellite loci are positively correlated with growth traits (Fan et al., 2009; Liu et al., 2012) . In this study, the results showed that microsatellite loci of AP 37-16 were significantly correlated with body weight, length and height of S. chuatsi, while AP were significantly associated with length and height. AP 39-05 was significantly associated with weight and length (P < 0.05), AP 37-40 was only significantly associated with length (P < 0.05), and AP 38-28 was only significantly associated with weight (P < 0.05). The finding that these loci were significantly correlated with economic traits could be useful for marker-assisted selection in breeding programs of this important aquatic species.
Among the eight loci showing significant correlations in the S. chuatsi population, eight genotypes of six loci were positively correlated with growth traits (body weight, length, and height). Genotypes AB for AP 37-06, AA for AP 37-11, AA for AP 37-16, BB and AC for AP 37-48, AA for AP 38-32, and AC and AA for AP 39-05 exhibited significantly larger traits compare with other genotypes of the same marker. These significantly correlated loci carry an important function in evolution because they control the viability of individuals bearing different genotypes of the locus (Xu, 2008) . Therefore, these kinds of genotypes could indirectly help select growth traits for S. chuatsi.
Heterozygosity is one of the indicators of the degree of genetic variation (Bin et al., 1999) . In this study, average H O and H E were 0.68 and 0.59, respectively, showing a population with a high genetic diversity. PIC is the change of function allele frequency and the alleles number, and it is also a good indicator of genetic information capacity of a genetic marker (Zhu et al., 2008) . According to Botstein et al. (1980) , PIC is an indicator of the degree of genetic variation. In the eighteen loci of this study, eleven loci showed high polymorphism (PIC > 0.5), and seven loci medium polymorphism (0.25 < PIC < 0.5). The average PIC value for the 18 microsatellite loci detected in S. chuatsi was 0.50, showing that they were highly polymorphic loci. These novel markers will facilitate further studies on genetic diversity evaluation, conservation genetics, construction of high-density linkage map and molecular marker-assisted breeding of S. chuatsi and its related species.
In conclusion, 120 SSR markers were initially screened in the 25 largest and 25 smallest individuals from 200 samples on the basis of total weight and length for marker association analysis in an isolated population. Eighteen of these loci were polymorphic in S. chuatsi and were selected for further random population tests. We found that eight genotypes of six loci were positively correlated with growth traits (body weight, length and height) in the S. chuatsi population. Average H O and H E were 0.68 and 0.59, respectively, and the average PIC value was 0.50, indicating a population with high genetic diversity. In addition, these loci were significantly correlated with growth traits, indicating that they could be useful for marker-assisted selection in breeding programs of this important aquatic species and its related species.
